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Abstract 
A comprehensive overview of the Accelerated Pavement Testing (APT) in Chinese mainland is presented. This paper 
provides insights into research initiatives ways and means of using APT facilities to enhance research into all aspects of 
pavement engineering, and practical applications that have been successfully applied in practice toward enhancing APT or 
pavement engineering design and construction. The scope of this study is to capture, document and summarize the significant 
findings from the variously experimental activities associated with APT. These programs have generated significant findings 
and benefits with regard to pavement design, analysis, evaluation and construction practices over the last more than 20 years. 
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction 
Accelerated Pavement Testing (APT) was defined as the controlled application of wheel loading to pavement 
structures for the purpose of simulating the effects of long-term in-service loading conditions in a compressed 
time period by Pro. Frederick Hugo. In addition, APT was a tool of pavement research which generated a large 
body of knowledge in many facets. In1991, a comparative analysis between devotion and benefit was presented, 
and it was demonstrated in Fig. 1. 
APT programs had acted an important role for nearly 30 years, during this period, Expressways developed 
very fast in China, and pavement engineering advanced considerably. Chongqing highway research institute 
introduced the first APT appliance in 1983, since that time some other APT appliances were equipped in 
mainland of China. The main APT appliances were listed in Table 1. 
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Fig.1 Interrelationship between pavement engineering facets that collectively and individually contribute to knowledge 
Table 1  Collection of main APT appliances in Chinese mainland 
Appliance 
Organization 
Circular testing track Straight loading system ALF 
Chongqing 
Highway Research 
Institute 
Southeast 
University 
Changsha University of 
Science & Technology  
Research Institute of 
Highway Ministry 
Transport 
Purchase time 1983 1985 1996 1986 
Loading style Single Double Single 
Testing form Indoor track Indoor straight road Testing road or full-scale road 
Removability Fixed Fixed Movable 
Loading velocity/km h-1 50~60 30 5~30 
Max load/kN 65 90  
Temperature control Infrared Infrared Infrared 
Humidity control 
Water on surface Water on surface Water on surface 
Soak in subgrade Soak in subgrade Soak in subgrade 
Highest temperature/  70 70 70 
Loading capacity/time day-1 20000 12000 5000 10000 
 
Appliance            
Organization MMLS3 MLS66 
Continued 
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Research Institute of 
Highway Ministry 
Transport 
Chang'an 
University 
Tongji 
University  
Tongji 
University 
Communication 
Research Institute of 
Liaoning Province 
Purchase time 2005 2007 2008  2008 2008 
Loading style Single Full-scale 
Testing form 
Small-scale test 
Testing road or full-scale road 
Removability Movable 
Loading 
velocity/km h-1 9~27 22 max 
Max load/kN 3.9 150 
Temperature 
control Water-bath Infrared 
Humidity control Dry-soaked 
Water on surface 
Soak in subgrade 
Highest 
temperature/  70 70 
Loading 
capacity/time
day-1 
172800 144000 
 
During the last decade, there had been a sharp increase in the number of APT programs launched in Chinese 
mainland, in some instances, the latest programs were being developed to enable cooperative and collaborative 
efforts to use the various facilities that were being operated around the country. This thesis was not intended to 
provide a comprehensive review of all APT research in China, although it did cover a substantial portion of that 
research. The intent was rather to gain useful information from lessons learned and successful applications of 
APT findings 
2. Evaluation and improvement of pavement structure 
APT programs strongly focused on the property of pavement structure in China, including asphalt pavement 
performance, pavement structural design as well as bridge deck pavement characteristic and functional 
performance, etc. However, most of the APT work thus far had been focused on the asphaltic component in the 
pavement structure. But this was not surprising as this material to lend itself to APT. 
2.1 Asphalt pavement performance 
In 1990s, almost all the APT work was focused on the asphalt pavement performance. Xie et al. (1990) 
reported that semi-rigid base asphalt pavement fatigue life was the result of many factors, and the strength of the 
semi-rigid material would grow with age. In addition, every performance index of semi-rigid base would continue 
to decrease under the wheel load repetition, and it could be observed that modulus decreased, strain increased, 
deflection increased and overall performance of pavement structure slacked, eventually the fatigue cracking 
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would appear. The APT program which was accomplished by Xie and his colleague was the inceptive study of 
semi-rigid base asphalt pavement fatigue life in China. The test was carried out by HS-10 circular testing track, 
which was constructed in Chongqing Highway Research Institute. The base was composed by active material 
such as lime, fly ash and steel flag, in addition, gravel and sand were also the composition. They concluded 
Initial cracking  was the standard to determine the fatigue failure. 
Deng et al. (1995) outlined the law of base and sub-base material fatigue attenuation in the semi-rigid base 
asphalt pavement by indoor testing track. The research indicated that the sub-base was the critical load position of 
semi-rigid pavement, that the law of strain fatigue of semi-rigid material was determined by the strain state, and 
that the strain coincided with the result which was calculated by resilience modulus via the comparative analysis 
of observed results and theoretical results. The cracking process was separated into 3 phases in this test: (1) stable 
stage; (2) development stage; (3) cracking stage. The second stage continued a short time, so the base and 
pavement would crack immediately if the sub-base cracked first. The base was composed by flyash-lime 
aggregate, and the sub-base used lime soil. The pavement asphalt mixture was divided into 3 types: LH-20I, LH-
15I and LK-15A.  
In 1989, the first movable APT appliance was introduced into China by Research Institute of Highway 
Ministry Transport, and some tests had been accomplished in the next few years. The estimation for remaining 
life in level two or three road was implemented in Zhuozhou section of 107 State Road (1991). The base which 
was composed by lime-soil, was semi-rigid structure, in addition, the wheel axle was set to 160kN. The results 
indicated that: (1) asphalt pavement was damaged badly because of the heavy axle load, the lack of asphalt 
adhesion and the adhesion between the surface and base; (2) the failure modes of surface treatment and asphalt 
concrete (AC) surface were different, and it could be noticed that the failure mode of surface treatment was 
surface slide, on the other hand, the failure mode of AC surface was massive rapture. 
Semi-rigid base was popular in China, but it brought some structural damage for pavement at the beginning, as 
a reason, researchers paid attention to the performance of flexible base. Xu et al. (2006) analyzed the rutting, 
loading capacity, water adaptation of asphalt pavement between semi-rigid pavement and flexible pavement by 
the full-scale APT which worked on the field. Six different pavements (A~C were semi-rigid and D~F were 
flexible) were constructed in the testing field, and the axle load which was loaded 1,002,450 times was 160kN. In 
addition, the temperature was between 2  and 39 , and in the process of testing water was injected into the 
pavement structure after loaded 775,000 times. It s the first test to research the long term performance for flexible 
pavement by the APT appliance Accelerated Loading Facility (ALF) in China. The results indicated that: (1) 
structural damage (such as crack, slot and mud pumping) didn t appear in every measuring point, so all the 
pavements were reliable in the use function and structure function under the 15-year traffic load, especially it 
could be observed that the pavement with flexible base was safe in the design life; (2) rutting depth was 
determined by the components and design of asphalt mixture, though the surface depth of flexible pavement was 
more thicker, and the performance of rutting resistance wasn t worse than the semi-rigid pavement; (3) the 
flexible pavements  water resistance performance was better than the semi-rigid pavements , because the flexible 
pavement s drainage property was better. 
The permanent deformation of asphalt pavement was focused in recent years, Zhou et al. (2008) had tested the 
permanent deformation by APT in lab with the appliance HS-10 (circular testing track). Three pavement 
structures were selected in the test, and one of them was flexible, the others were semi-rigid, in addition, all the 
pavements were loaded 500,000 times with the axle load 110kN. The temperature was controlled between 50  
and 60  by a thermostat which was set 2cm under the pavement surface. In order to measure the permanent 
deformation of every layer, many displacement meters were set at both the top and bottom in each testing section, 
and the surface deformation was measured by profiler. The results revealed that (1) the most permanent 
deformation was produced in the range of 20cm under the surface, and the maximum deformation rate was 
occurred at the location which was 12cm under the surface; (2) the deformation of subgrade and two kinds of 
base almost didn t aggravate the rutting; (3) the rutting of asphalt surface with flexible base was the most 
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unserious because the modulus of graded crushed stone was lower, furthermore, it was advantageous to decrease 
the maximum shear stress of asphalt surface; (4) if the asphalt surface was thick enough, the stress in the base 
would be decreased, so it could be thought the anti-rutting performance of flexible pavements was as good as the 
semi-rigid pavements . 
The asphalt pavement rutting s formation law troubled researchers and engineers for a long time, however, the 
APT provided a way to study it. Huang et al. (2008) studied the rutting s formation law by circular track testing. 
Nine testing areas were set in order to test the affecting degree which was caused by different kinds of aggregate 
and asphalts, different ratios of aggregate. The authors concluded that the rutting resistance and shear flow should 
be concerned in the process of asphalt mixture design, and that Shell s rutting resistance performance was better 
than Esso s. 
2.2 Pavement structural design 
Structural designs formed the core of pavement engineering, as a result, many APT programs focused on this 
topic. Nevertheless, as was well known, design could not be considered in isolation because of its strong 
interaction with other areas of pavement engineering, such as materials, vehicle pavement environment 
interaction as well as the development of mechanical theory. 
In early 1990s, researchers started to be interested in the asphalt pavement structural design in desert. Because 
it was shortage of materials and water, the semi-rigid base was prefered to construct road in desert. Meng (2004) 
studied the structural design of flexible base asphalt pavement for desert road by ALF which loaded 1,485,000 
times with the axle load 100kN. Three types of base were selected: (1) 20cm graded crushed stone; (2) 10cm 
graded crushed stone and 10cm plastic mesh sand; (3) 30cm NBS stabilized sand, and the surface of the pavement 
was same (4cm asphalt concrete). The result indicated that: (1) the failure of NBS stabilized sand which had the 
semi-rigid property, was caused by loading, and it could be observed longitudinal crack, however, the transverse 
crack was not found; (2) based on the deformation failure and deflection increase, the preferential order of the 
testing base was NBS stabilized sand > plastic mesh sand > graded crushed stone. 
The semi-rigid base was preferred in Chinese mainland, so the reasonable structure of semi-rigid asphalt 
pavement was considered. Meng (2004) selected 7 typical semi-rigid pavement and a flexible pavement to test by 
ALF in 1993, in addition, the semi-rigid pavement s surface was 6cm AC and flexible pavement s surface was 
12cm AC. The results revealed that: (1) the fatigue crack appeared in the surface first, however, researchers 
deemed that the semi-rigid base was damaged first. (2) the deflection didn t increase obviously from the 
beginning to surface damage, so it demonstrated that the deflection index was not suitable for semi-rigid asphalt 
pavement testing, especially when the surface was thinner; (3) the rutting appeared in the asphalt surface, and 
there was almost no deformation in the semi-rigid base; (4) if the surface and base was bonded, there would be no 
abrasion above the semi-rigid base and the overall strength of the pavement was better; (5) the temperature 
changed obviously in the 0~30cm depth of the pavement, and in the 0~15cm depth the temperature varied 
severely along with the change of time and season. 
The permanent deformation and rutting of pavement was serious in soft soil areas, so selecting reasonable 
pavement structure was crucial. Huang et al. (2006) chose 3 types asphalt pavement to test at the temperature 
50 ~60 by circular track testing. The authors concluded that: (1) if the asphalt surface was thicker, the 
permanent deformation occurred within 20cm depth; (2) subgrade had no influence on the rutting, no matter 
which kind of pavement it was, flexible pavement or the semi-rigid pavement; (3) when the asphalt surface got 
thicker, flexible base and semi-rigid base influenced the rutting very little. Yang et al. studied the same subject 
with 5 different asphalt pavements in Southeast University. However, Yang and her mates focused on the 
reasonable asphalt surface structure. It could be observed from the test that: (1) the best combination of surface 
layer structure for semi-rigid base in soft soil area was SMA13 (polyester fiber) + improved AC-20I (SBS) + 
improved AC-25I; (2) gradation affected the asphalt mixture s performance in the upper surface, if using the 
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same asphalt type, the rutting resistance performance of SMA13 would be the best, and the modified asphalt with 
high viscosity could reduce the rutting; (3) SMA mixture with polyester fiber had the better rutting resistance 
performance than SMA mixture with lignin fiber. 
Wang et al. (2010) utilized APT to study reverse design of asphalt pavement, and invented a new type APT 
appliance. It was a new and significant attempt to develop the existing design method and theory. Because of the 
utilization of APT, the pavement design and road performance was combined, in addition, a new design system 
was presented. The results proclaimed that the reverse design of asphalt pavement not only could forecast the 
existing pavements  performance, but also could execute the surface treatment to rebuilding pavements, and the 
optimum material consumption could be determined. The Marshall index and road performance were all 
considered in the reverse design, in addition, it was more reliable to order the prototype pavement as design basis 
and the evaluation standards. 
2.3 Bridge deck pavement characteristic and functional performance 
Because asphalt pavement was used for bridge deck increasingly, bridge deck pavement characteristic and 
functional performance was noticed these years.  
Straight track testing had been instrumental in validating the effectiveness of bridge deck pavement, which 
were used extensively throughout Chinese mainland nowadays. Shao et al. (2005) tested 12 types asphalt bridge 
deck pavement by straight loading system, as well as, the mechanical characteristics and dynamic loading 
response of orthotropic steel bridge was studied. The results indicated that: (1) selecting the right waterproof and 
cohesive layer was the key for successful steel bridge deck pavement and it was important to reduce the cohesive 
layer s oil and premixed macadam; (2) the importance of steel bridge deck pavement was the asphalt mixture 
should have enough deformation resistance and high temperature stability; (3) the fatigue of steel bridge deck 
pavement had two modes (up to bottom and bottom to up), and the relative strength of asphalt pavement and 
waterproof and cohesive layer determined the fatigue mode. 
3. Evaluation of materials and tests 
APT programs had produced significant findings comparing and evaluating pavement material response and 
performance in Chinese mainland. The primary goal of most programs was to evaluate new, innovative and 
recycled materials with validation of traditional materials as a secondary goal. Another primary goal of many 
programs was to validate laboratory material characterization through comparison with response under full-scale 
or small-scale loading, recognizing that incorporated APT, laboratory testing, long-term field evaluation, and 
modeling or analysis, produced meaningful results that allowed for the consideration of material, loading and 
environmental variability. Significant findings from applying APT technology to evaluating materials and tests 
were organized in this section by pavement layer with the discussion presented by material type. 
Most APT programs used both field and laboratory material characterization to assess pavement response and 
performance under full-scale and small-scale APT loading. Performance monitoring at the APT test section 
generally involved measurement of transverse and longitudinal profiles, deflection and deformation at the surface 
or with depth in response to a moving load or falling weight, in situ density, environmental conditions including 
moisture and temperature with depth, visual surface distress, and in situ stresses and strains. 
To date the majority of APT tests had been conducted using AC or a bituminous chip seal as the surface 
pavement layer. For many of the AC surfaces, modified binders were included and exhibited to enhance the 
performance in terms of resistance to rutting and/or fatigue cracking. 
3.1 Performance of asphalt pavement materials under vehicle loading 
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Meng et al. (2005) studied the anti-rutting performance of SMA asphalt pavement by ALF. The test results 
proved that SMA AC had good ability to anti-rutting, it was also demonstrated that the middle layer AC was the 
main contributor for surface rutting of asphalt pavement.  
Heavy traffic distributed widely in Chinese mainland, so the applicability of asphalt pavement materials to 
heavy traffic was concerned. Zhang et al. (2005) constructed 6 types of pavement to research the rutting condition 
with different pavement structure by ALF with the characteristics of heavy traffic in Shanxi Province. In addition, 
the double-layer modification, SMA and GTM mix design which was verified by ALF rutting test, was proposed 
to enhance the rutting resistance of asphalt pavement under heavy load. Besides, the ALF testing results indicated 
that the modified SMA could improve the high temperature stability of asphalt mixture effectively, however, the 
maintenance must be timely and the compaction degree must be adequate. 
Cao et al. (2007) focused on the evaluation indexes of asphalt pavement materials. They compared the results 
which were obtained by ALF test and wheel tracking test, and it was concluded that the evaluation results 
between creep rate and relative deformation were consistent. In addition, by the result of comparison between 
ALF test and wheel tracking test, it was indicated that because the s  voidage was different of the fields , it 
was irrational to utilize the design voidage to evaluate the construction quality. 
Li, Tang and Li (2009) constructed 3 different AC-type asphalt mixture pavement to carry out ALF test, in 
order to research uplift of asphalt mixtures and proportions of uplift under the conditions of different types of 
mixture, temperatures and load. The results indicated that: (1) it was consistent to evaluate uplift by depth and 
area of rutting deformation; (2) high temperature would lead rapid expansion of uplift and the deformation of 
uplift was affected by temperature significantly with different load; (3) the uplift coefficient only related to total 
deformation of rut and the ultimate value of uplift coefficient was not more than 0.6 and the uplift coefficient was 
bigger if the road was more narrow; (4) the expansion degree and uplift deformation was determined by the load 
mode and asphalt type. 
Huang et al. (2000) analyzed the long term performance of pavement, and it was influenced by the optimum 
asphalt content which was determined by GTM molding and Marshall molding separately, by straight loading 
system. The results verified that it was rational to determine the optimum asphalt content by GTM molding, so 
the GTM molding was acceptable to determine the optimum asphalt content and it was related to the road long 
term performance. 
3.2 New pavement material study 
Fang, Wang and Mo (2010) utilized indoor small-scale APT to study the epoxy asphalt performance as surface 
under vehicle Load. The surface abrasion, aggregate shedding and adhesive force between layers were tested at 
ambient temperature and high temperature. The results indicated that the epoxy asphalt had an excellent anti-
fatigue property under the long-term cyclic loading and that epoxy asphalt s performance of abrasion resistance 
was better than general asphalts . 
Ultra-Thin Whitetopping (UTW) was a new method of rehabilitating asphalt pavement, developed in the early 
s, however, the long term performance of UTW was unknown. Li et al. (2004, 2006) researched the s 
property and long term performance by ALF and straight loading system. The program collected Dynamic and 
static strain and the structural performance of different pavement structure to analyze. The results indicated that: 
(1) the polypropylene fiber could enhance the flexural strength, integrity of UTW and strength of pavement 
structure; (2) the elevation of adhesion could decrease the tensile stress of concrete slab. 
4 Modeling of APT asphalt pavement rutting performance 
Pavement performance was a measure of the extent to which a pavement fulfilled its principal objective. 
Performance models were tools to predict performance; they might ultimately be used in pavement management 
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systems, in the structural design of pavements, and in the development of performance-related specifications. 
Chen et al. (2006), Su et al. (2006) and Li et al. (2009) reported that APT provided a window on pavement 
performance, which could possibly be used to predict how the pavement would perform under the real traffic. 
Modeling of permanent deformation of asphalt pavement was usually expressed in terms of stresses or strains 
within the asphalt layer. The visco-elastic nature of asphaltic materials required that the influence of temperature 
and frequency (rate of loading) be considered. 
Zheng et al. (2009) used the following relationship (Equation 1) to establish a correlation of rutting observed 
from APT trials by ALF to result of the permanent strain which was based on the main factors of temperature, 
axle load and axle load frequency: 
0 0 0 0/ =( / ) ( / ) ( / )
a b cR R T T L L N N                                                            (1)
Where, T - prediction temperature; T0 testing temperature; L - prediction axle load; L0 - testing axle load; N - 
prediction load frequency; N0  testing load frequency; a -temperature coefficient; b - axle load coefficient; c - 
load frequency coefficient; R  prediction permanent strain; R0 testing permanent strain. 
If N=N0 and R0=ANB, (where, A coefficient which was related to the pavement material and structure; B  
coefficient of load frequency.) the equation (1) could be transformed into  
0 0= ( / ) ( / )
B a bR AN T T L L                                                                    (2) 
They reported that the rutting depth increased with the rise of surface temperature, and the rutting depth would 
increase by 1.8 times if the temperature increased 5°C. The ALF test demonstrated that the prediction result was 
accurate and the average error was 1.35%, however, it could not reflect the influence degree of temperature on the 
rutting when the pavement temperature was 43.2°C which was calculated by the statistical method. 
Huang et al. utilized circle track testing to study the prediction model of rutting, and proposed 2 prediction 
models based on the different guarantee rate. Nevertheless, the prediction equations assumed that all the loading 
was under high temperature, the prediction rutting depth was more than the actual rutting depth. 
5 Conclusion and remarks 
The acquired knowledge was being widely applied and it had enhanced innovation in pavement engineering. 
The following general conclusions were drawn relative to the generic core of significant findings in terms of 
applications. 
On the topic of design, construction, maintenance, and rehabilitation the survey and literature showed that 
  Unique, unconventional pavement structures could be tested and evaluated through APT; 
  Failure mechanisms could be meticulously evaluated so that it became possible to cost-effectively counteract 
distress mechanisms; 
  A wide spectrum of structural design methods had been evaluated and developed, as well as, this had greatly 
enhanced their implementation. 
  Systematic investigation of the vehicle pavement environment interaction had been made possibly and 
feasibly through APT, although much still remained to be done on this subject. 
  A large number of APT tests were related to the pavement materials. This was indicative of the potential of 
APT to provide reasonable answers about pavement materials. Furthermore, it had been shown to be useful for 
answering questions relating to the use of new materials, composite materials, and materials with complex 
physical characteristics. 
112   Ming Cai and Shuo Wang /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  104 – 113 
  APT was a tool for confirmation and validation of laboratory test procedures. 
 7) APT had become a useful tool for systematically developing and evaluating performance models. 
 8) APT was a means of answering questions related to rehabilitation, construction, and maintenance in the 
field. Answering those questions would be more difficult and take far longer without APT experiments. 
During the last decade, there had been a sharp increase in the number of APT programs launched in Chinese 
mainland. In many instances, the latest programs were being developed to enable cooperative and collaborative 
efforts to use the various facilities that were being operated around the country. 
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